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Figure 1: XEPD Patterns of Polymorghic Forms of Bimatoprost Acid
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Flgure 2: iF specira of Bimetoprost Acid Polymorph | Jower spectrum) and Polymorph B (upper
spectrun.
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Figure 3: MDSC Thermographs of Polymeorph | {upper curve) and Polymorph # {(fower curve).
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Figure 4: Eguitibrium Solubllity of Polymorphs | & I in Anisole a1 6°C and 25°C.
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Figure 5: Caleulated Transhion Temperature between the Enantictropic Pelymorphs and # by using
the Bguilibrium Solubility and MDSC Data. The Estimatad Transition Temgperature is §8.7°C £ 1.7°C.
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Figure §: Formation of Polymorph il upon Exposure of Polymorph [ o Molsture by V8A
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Figure 7: Formation of Polymorph 1l upon Exposurs of Polymorgh 1 to Molsture by VSA, Polymorph
i Forms at 2™ Adsorption Cycle at RH 2 75%
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Figure 8: MDST analysis of Polymorph B of Bimatoprost Acid
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Schematic Weorkflow of the Experiments on Bimatoprost Acid.
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CRYSTALLINE FORMS OF BIMATOPROST
ACID, METHODS FOR PREPARATION, AND
METHODS FOR USE THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application Ser. No. 61/746,708, filed Dec. 28, 2012, the
disclosure of which is hereby incorporated in its entirety
herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to crystalline forms
of' bimatoprost acid and particularly to newly identified crys-
talline forms of bimatoprost acid. The present invention fur-
ther relates to methods for its preparation and to methods for
treating various disorders associated with ocular hyperten-
sion, hair growth and fat reduction.

BACKGROUND OF THE INVENTION

Ocular hypotensive agents are useful in the treatment of a
number of various ocular hypertensive conditions, such as
post-surgical and post-laser trabeculectomy ocular hyperten-
sive episodes, glaucoma, and as presurgical adjuncts.

Glaucoma is a disease of the eye characterized by increased
intraocular pressure. On the basis of its etiology, glaucoma
has been classified as primary or secondary. For example,
primary glaucoma in adults (congenital glaucoma) may be
either open-angle or acute or chronic angle-closure. Second-
ary glaucoma results from pre-existing ocular diseases such
as uveitis, intraocular tumor or an enlarged cataract.

The underlying causes of primary glaucoma are not yet
known. The increased intraocular tension is due to the
obstruction of aqueous humor outflow. In chronic open-angle
glaucoma, the anterior chamber and its anatomic structures
appear normal, but drainage of the aqueous humor is
impeded. In acute or chronic angle-closure glaucoma, the
anterior chamber is shallow, the filtration angle is narrowed,
and the iris may obstruct the trabecular meshwork at the
entrance of the canal of Schlemm. Dilation of the pupil may
push the root of the iris forward against the angle, and may
produce pupillary block and thus precipitate an acute attack.
Eyes with narrow anterior chamber angles are predisposed to
acute angle-closure glaucoma attacks of various degrees of
severity.

Secondary glaucoma is caused by any interference with the
flow of aqueous humor from the posterior chamber into the
anterior chamber and subsequently, into the canal of
Schlemm. Inflammatory disease of the anterior segment may
prevent aqueous escape by causing complete posterior syn-
echia in iris bombe and may plug the drainage channel with
exudates. Other common causes are intraocular tumors,
enlarged cataracts, central retinal vein occlusion, trauma to
the eye, operative procedures and intraocular hemorrhage.

Considering all types together, glaucoma occurs in about
2% of all persons over the age of 40 and may be asymptotic
for years before progressing to rapid loss of vision. In cases
where surgery is not indicated, topical b-adrenoreceptor
antagonists have traditionally been the drugs of choice for
treating glaucoma.

Prostaglandins were earlier regarded as potent ocular
hypertensives; however, evidence accumulated in the last two
decades shows that some prostaglandins are highly effective
ocular hypotensive agents and are ideally suited for the long-
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term medical management of glaucoma. (See, for example,
Starr, M. S. Exp. Eye Res. 1971, 11, pp. 170-177; Bito, L. Z.
Biological Protection with Prostaglandins Cohen, M. M., ed.,
Boca Raton, Fla. CRC Press Inc., 1985, pp. 231-252; and
Bito, L. Z., Applied Pharmacology in the Medical Treatment
of Glaucomas Drance, S. M. and Neufeld, A. H. eds., New
York, Grune & Stratton, 1984, pp. 477-505). Such prostag-
landins include PGF,,, PGF,, PGE,, and certain lipid-
soluble esters, such as C, to C; alkyl esters, e.g. 1-isopropyl
ester, of such compounds. Other uses of bimatoprost includes
use in hair growth including scalp hair, eyelashes, and eye-
brows. Bimatoprost has also shown promise in localized fat
reduction and inhibition of adipocyte differentiation.

It is known however that many drug compounds exist in
two or more crystalline forms, referred to as polymorphs.
These polymorphs of the same molecule exhibit different
physical properties, such as melting point, solubility, hard-
ness, etc. In such cases, the danger exists of less soluble
polymorphic forms precipitating from a solution made from
another more soluble but less stable form. The formation of
crystals in an ophthalmic solution can cause serious injury to
the eye. In addition, precipitation of the drug substance may
cause an apparent reduction in potency and bioavailability of
the product. The following references are incorporated by
references in their entireties: U.S. Pat. Nos. 5,688,819; 6,403,
649; 7,751,504 and A. Burger, R. Ramberger, “On the poly-
morphism of pharmaceuticals and other molecular crystals. 1.
Theory of thermodynamic rules”, Mikrochimica Acta (1979),
2(3-4), 259-71.

SUMMARY OF THE INVENTION

The present invention provides new crystalline forms of
7-[3,5-Dihydroxy-2-(3-hydroxy-5-phenyl-pent-1-enyl)-cy-
clopentyl]-hept-5-enoic acid. This compound is commonly
referred to as “bimatoprost acid.” The novel crystalline forms
of'the present invention are designated forms I, I1, and II1. The
invention crystalline forms are useful for solid ocular implant
formulations, utilized in the treatment of various ocular con-
ditions, such as, for example, ocular hypertension. In addi-
tion, invention crystalline forms are useful for solid or semi-
solid dosage formulations used to treat ocular hypertension.

In another embodiment of the invention, there provided
pharmaceutical compositions including a therapeutically
effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phe-
nyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in crystal-
line forms 1, II, or III in an ophthalmically acceptable carrier
therefore such as an ophthalmic topical solution.

In another embodiment, there provided methods for treat-
ing ocular hypertension. Such methods can be performed, for
example, by administering to a subject in need thereof a
therapeutically effective amount of 7-[3,5-Dihydroxy-2-(3-
hydroxy-5-phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic
acid in crystalline forms 1, II, or III in an ophthalmically
acceptable carrier, that does not affect the structure of the
crystalline forms.

In another embodiment, there provided methods for treating
glaucoma. Such methods can be performed, for example, by
administering to a subject in need thereof a therapeutically
effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phe-
nyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in crystal-
line forms 1, II, or III in an ophthalmically acceptable carrier
such as a topical solution, or in an ocular implant. XRPD
analysis has shown that the crystalline form of other bimato-
prost polymorphs forms convert to an amorphous material
after hot melt extrusion (typically at ca. 60-70° C.). The
existing crystalline form (Form 1) has a melting endotherm
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peaked at 66.4° C., which is within the vicinity of the extru-

sion temperature making it useful for an ocular implant.
Some embodiments of the present invention include:

1. 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phenyl-pent-1-enyl)-
cyclopentyl]-hept-5-enoic acid in crystalline form I.

2. 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phenyl-pent-1-enyl)-
cyclopentyl]-hept-5-enoic acid in crystalline form II.

3. 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phenyl-pent-1-enyl)-
cyclopentyl]-hept-5-enoic acid in crystalline form III.

4. The crystalline form of paragraph 1 having the X-ray
diffraction pattern substantially as shown in FIG. 1 and the
peak data as shown in Table 1 as to polymorph L.

5. The crystalline form of paragraph 2 having the X-ray
diffraction pattern substantially as shown in FIG. 1 and the
peak data as shown in Table 1 as to polymorph II.

6. The crystalline form of paragraph 3 having the X-ray
diffraction pattern substantially as shown in FIG. 1 and the
peak data as shown in Table 1 as to polymorph III.

7.The crystalline form of paragraph 1 having a melting endot-
herm onset at about 63.2° C. and a fusion enthalpy of about
65.6 I/g.

8. The crystalline form of paragraph 2 having a melting endot-
herm onset at about 62.2° C. and a fusion enthalpy of about
81.5 I/g.

9. The crystalline form of paragraph 1 having the MDSC
profile as shown in FIG. 3.

10. The crystalline form of paragraph 2 having the MDSC
profile as shown in FIG. 3.

11. The crystalline form of paragraph 3 having the MDSC
profile as shown in FIG. 8.

12. A pharmaceutical composition comprising a therapeuti-
cally effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-
5-phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in
crystalline form I in an ophthalmically acceptable carrier.

13. A pharmaceutical composition comprising a therapeuti-
cally effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-
5-phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in
crystalline form II in an ophthalmically acceptable carrier.

14. A pharmaceutical composition comprising a therapeuti-
cally effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-
5-phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in
crystalline form I1I in an ophthalmically acceptable carrier.

15. A method for treating ocular hypertension comprising
administering to a subject in need thereof a therapeutically
effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-
phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in
crystalline form I in an ophthalmically acceptable carrier.

16. A method for treating ocular hypertension comprising
administering to a subject in need thereof a therapeutically
effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-
phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in
crystalline form II in an ophthalmically acceptable carrier.

17. A method for treating ocular hypertension comprising
administering to a subject in need thereof a therapeutically
effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-
phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in
crystalline form I1I in an ophthalmically acceptable carrier.

18. The method of paragraph 15 wherein the ophthalmically
acceptable carrier is selected from the group consisting of
ophthalmically acceptable diluents, buffers, hydrochloric
acid, sodium hydroxide, preservatives, stabilizers, tonicity
adjustors, viscosity-enhancing agents, chelating agents,
surfactants and/or solubilizers and combinations thereof.

19. The method of paragraph 16 wherein the ophthalmically
acceptable carrier is selected from the group consisting of
ophthalmically acceptable diluents, buffers, hydrochloric
acid, sodium hydroxide, preservatives, stabilizers, tonicity
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adjustors, viscosity-enhancing agents, chelating agents,
surfactants and/or solubilizers and combinations thereof.

20. The method of paragraph 17 wherein the ophthalmically
acceptable carrier is selected from the group consisting of
ophthalmically acceptable diluents, buffers, hydrochloric
acid, sodium hydroxide, preservatives, stabilizers, tonicity
adjustors, viscosity-enhancing agents, chelating agents,
surfactants and/or solubilizers and combinations thereof.

21. The compositions of paragraphs 12, 13 and 14 wherein the
pharmaceutical composition is a topical ophthalmic solu-
tion to be dosed at least once a day or more.

22. The compositions of paragraphs 12, 13 and 14 wherein the
pharmaceutical composition is a topical ophthalmic emul-
sion to be dosed at least once a day or more.

23. The composition of paragraphs 12, 13 and 14 wherein the
pharmaceutical composition is an ocular implant.

24. The composition of paragraphs 12, 13, 14, 21, 22 and 23
wherein the concentration of the active is selected from
0.01,0.02, 0.03, 0.04. 0.03, 0.06, 0.07, 0.08, 0.09, 0.1, 0.2,
0.3,04.0.5,0.6,0.7, 0.8, 0.9 to 1.0% w/v.

25. The composition of paragraph 24 wherein the composi-
tion is used to promote hair growth or localized fat reduc-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows XRPD Patterns of Polymorphic Forms I, II
and III of Bimatoprost Acid;

FIG. 2 shows IR spectra of Bimatoprost Acid Polymorph I
(lower spectrum) and Polymorph II;

FIG. 3 shows the MDSC Thermographs of Polymorph I
and Polymorph II;

FIG. 4 shows the Equilibrium Solubility of Polymorphs [ &
1I in Anisole;

FIG. 5 shows the Transition Temperature between the
Enantiotropic Polymorphs I and II to moisture by VSA;

FIG. 6 shows the Formation of Polymorph III upon Expo-
sure of Polymorph I;

FIG. 7 shows the Formation of Polymorph III upon Expo-
sure of Polymorph II to Moisture by VSA;

FIG. 8 shows an MDSC Thermograph of Polymorph III;

FIG. 9 shows schematic workflow of the experiments on
Bimatoprost Acid; and,

FIG. 10 summarizes the results of the experiments.

DETAILED DESCRIPTION OF THE INVENTION

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the inven-
tion claimed. As used herein, the use of the singular includes
the plural unless specifically stated otherwise. As used herein,
“or” means “and/or” unless stated otherwise. Furthermore,
use of the term “including” as well as other forms, such as
“includes,” and “included,” is not limiting. The section head-
ings used herein are for organizational purposes only and are
not to be construed as limiting the subject matter described.

It is to be understood that “7-[3,5-Dihydroxy-2-(3-hy-
droxy-5-phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic
acid” and “bimatoprost acid” refer to the same compound and
may be used interchangeably throughout.

In addition, “crystalline form™ and “polymorphic form”
may be used interchangeably throughout the specification.
“Crystalline form I” or “form I, “crystalline form II” or
“form II”, “crystalline form III” or “form III” may also be
referred to as “polymorph [, “polymorph II”, or “polymorph
ur-.
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Unless specific definitions are provided, the nomenclatures
utilized in connection with, and the laboratory procedures and
techniques of analytical chemistry, synthetic organic and
inorganic chemistry described herein are those known in the
art. Standard chemical symbols are used interchangeably
with the full names represented by such symbols. Thus, for
example, the terms “hydrogen” and “H” are understood to
have identical meaning Standard techniques may be used for
chemical syntheses, chemical analyses, and formulation.

Crystallization Process:

Bimatoprost acid was manufactured by Organic Consultants,
Inc. The purity of the compound per CoA was 100% deter-
mined by HPLC. FIGS. 9 and 10 summarize the crystalli-
zation processs.

Instrumentation:

XRPD Characterization

1. The following XRPD condition was used:

Equipment: Rigaku Miniflex;

Scan range: 5-45° (20);

Scan speed: 2° (20) per minute; and,

Step width: 0.05° (20)

CuKa, A=1.54 A, 30 kV

Samples isolated from the experiments were immediately

analyzed and the same sample was rescanned after overnight

vacuum drying at 35° C. Approximately 3-5 mg of the
samples were gently pressed on zero background sample
holders and subjected to XRPD scan.

MDSC Analysis:

The following method was used for thermal analysis by

MDSC:

Equipment: TA DSC Q2000;

Scan range: 20-122° C.;

Heating rate: 1° C. per minute;

Modulation period: 60 seconds;

Modulation amplitude: 0.159° C.;

Approximately 2-3 mg of the sample was placed in T-zero
nonhermetic pan and subjected to MDSC heating ramp.
The present invention provides bimatoprost acid in new

polymorphic forms, designated as polymorphs I, 11, and II1.

Physical characterization of bimatoprost acid led to the dis-

covery of these three polymorphs. The results of a polymorph

screening study of bimatoprost acid showed that polymorph

11 forms when polymorph I is maturated in diethyl ether upon

thermo-cycling at 12-32° C. XRPD patterns of polymorph I,

polymorph II and polymorph III are presented in FIG. 1.
FIG. 2 shows that the FTIR spectra of polymorphs I and II

are identical indicating that they have the same chemical

composition. The XRPD and FTIR data indicate the two
forms are polymorphic and not different chemical entities.

Polymorph I and polymorph II have an enantiotropic poly-

morphic relationship. Enantiotropic polymorphs are charac-

terized by a difference in melting points and fusion enthalp-
ies, where the higher melting polymorph has a lower fusion
enthalpy. Modulated differential calorimetric (MDSC) data
in FIG. 3 shows that polymorph I has a melting endotherm

onset (T onset) at 63.2° C. and a fusion enthalpy (AH,) of 65.6

J/g as compared to the corresponding properties for poly-

morph II (62.2° C. and 81.5 J/g, respectively).

The differences in free energy between the polymorphs
were measured as a function of temperature in order to deter-
mine the transition temperature and relative stability versus
temperature. Isothermal competitive co-slurries of poly-
morph I and II (1:1 ratio at 5, 20 and 35° C.) showed that
polymorph I converts to polymorph II at all three tempera-
tures, indicating that polymorph 1II is the more stable form
over the temperature range of 5-35° C.
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FIG. 4 shows the thermodynamic equilibrium solubility of
the anhydrous polymorphs in anisole at 6° C. and 25° C. At
both temperatures polymorph I1 has the lower solubility indi-
cating that polymorph I is the lower energy form at tempera-
ture 6-25° C. Anisole was selected as solvent based on good
stability and measurable solubility of bimatoprost acid poly-
morphs in the studied temperature range. Solubility studies
could not be performed at temperatures above 40° C. in order
to determine the enantiotropic polymorph transition tempera-
ture because bimatoprost acid transforms to an oil in anisole.
Another solvent, nitromethane, was selected to detect the
solubility of bimatoprost acid at 9 and 22° C. At 9° C., the
solubility of polymorph I (4.1+£0.3 mg/mL) is significantly
higher than the solubility of polymorph II (3.3+0.2 mg/mL.)
which suggests the polymorph II is more stable than poly-
morphIat 9° C. At22° C., both forms converted to oils where
no comparison between the two polymorphs could be made.

The crystalline monohydrate form (designated polymorph
1IT) was discovered upon vapor sorption analysis (VSA) of
both polymorph I and polymorph II. FIG. 6 shows that at
RH~75% polymorph I absorbs 4.42 w/w % water, which is
equivalent to a stoichiometric monohydrate. The conversion
of polymorph I to the monohydrate form was confirmed by
XRPD. The generated monohydrate converted beck to the
initial polymorph 1 upon drying in vapor sorption analyzer at
25° C. Vapor sorption analysis also showed that polymorph I1
converts to a hydrated form at water activity above 85% RH.
The 2"¢ adsorption cycle of polymorph II reconfirms forma-
tion of the monohydrate again at RH~75% (FIG. 7). At 25°C.,
the relative humidity at which polymorph II forms the mono-
hydrate is greater than that for polymorph I, consistent with
the assertion that polymorph II is the more stable form at 25°
C. The thermal analysis (MDSC) of the monohydrate form
indicates a melting endotherm onset (T,,..,) at 53.9°C.and a
fusion enthalpy (AH) of 72.4 J/g for the monohydrate form
(see FIG. 8).

Pharmaceutical compositions may be prepared by combin-
ing a therapeutically effective amount of polymorphs I, II, or
IIT of bimatoprost acid according to the invention, or a phar-
maceutically acceptable salt thereof, as an active ingredient,
with conventional ophthalmically acceptable pharmaceutical
excipients, and by preparation of unit dosage forms suitable
for topical ocular use. The therapeutically efficient amount
typically is between about 0.0001 and about 5% (w/v), pref-
erably about 0.001 to about 1.0% (w/v) in liquid formulations
or preferably about 0.01-to about 0.1% w/v and 0.01% w/v to
about 0.03% w/v. An “effective amount” is an amount suffi-
cient to accomplish a stated purpose (e.g., achieve the effect
for which it is administered, treat a disease, reduce one or
more symptoms of a disease or condition). An example of an
“effective amount” is an amount sufficient to contribute to the
treatment, prevention, or reduction of a symptom or symp-
toms of a disease, which can be referred to as a “therapeuti-
cally effective amount.” A “reduction” of a symptom or
symptoms (and grammatical equivalents of this phrase)
means decreasing of the severity or frequency of the
symptom(s), or elimination of the symptom(s). The actual
amount effective for a particular application will depend,
inter alia, on the condition being treated. “Treatment”, “treat”
or “treating” can refer to curing any disease or condition or
reducing or alleviating the symptoms of the disease or con-
dition

For ophthalmic application, preferably solutions are pre-
pared using a physiological saline solution as a major vehicle.
The pH of such ophthalmic solutions should preferably be
maintained between 4.5 and 8.0 with an appropriate buffer
system, a neutral pH being preferred but not essential. The
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formulations may also contain conventional, pharmaceuti-
cally acceptable preservatives, stabilizers and surfactants.

Preferred preservatives that may be used in the pharmaceu-
tical compositions of the present invention include, but are
not limited to, benzalkonium chloride, chlorobutanol, thime-
rosal, phenylmercuric acetate and phenylmercuric nitrate. A
preferred surfactant is, for example, Tween 80. Likewise,
various preferred vehicles may be used in the ophthalmic
preparations of the present invention. These vehicles include,
but are not limited to, polyvinyl alcohol, povidone, hydrox-
ypropyl methyl cellulose, poloxamers, carboxymethyl cellu-
lose, hydroxyethyl cellulose cyclodextrin and purified water.

Tonicity adjustors may be added as needed or convenient.
They include, but are not limited to, salts, particularly sodium
chloride, potassium chloride, mannitol and glycerin, or any
other suitable ophthalmically acceptable tonicity adjustor.

Various buffers and means for adjusting pH may be used so
long as the resulting preparation is ophthalmically accept-
able. Accordingly, buffers include acetate buffers, citrate
buffers, phosphate buffers and borate buffers. Acids or bases
may be used to adjust the pH of these formulations as needed.

In a similar vein, an ophthalmically acceptable antioxidant
for use in the present invention includes, but is not limited to,
sodium metabisulfite, sodium thiosulfate, acetylcysteine,
butylated hydroxyanisole and butylated hydroxytoluene.

Other excipient components which may be included in the
ophthalmic preparations are chelating agents. The preferred
chelating agent is edetate disodium, although other chelating
agents may also be used in place of or in conjunction with it.

The ingredients are usually used in the following amounts:

Ingredient Amount (% w/w) active ingredient about
0.001-5 preservative 0-0.10 vehicle 0-40 tonicity adjustor
0-10buffer 0.01-10 pH adjustor q.s. pH 4.5-7.5 antioxidant as
needed surfactant as needed purified water as needed to make
100%.

The actual dose of the active compounds of the present
invention depends on the specific compound, and on the
condition to be treated; the selection of the appropriate dose is
well within the knowledge of the skilled artisan.

The ophthalmic formulations of the present invention are
conveniently packaged in forms suitable for metered appli-
cation, such as in containers equipped with a dropper, to
facilitate application to the eye. Containers suitable for drop-
wise application are usually made of suitable inert, non-toxic
plastic material, and generally contain between about 0.5 and
about 15 ml solution. One package may contain one or more
unit doses.

Especially preservative-free solutions are often formulated
in non-resealable containers containing up to about ten, pref-
erably up to about five units doses, where a typical unit dose
is from one to about 8 drops, preferably one to about 3 drops.
The volume of one drop usually is about 20-35 ml.

Table 1 shows characteristic peaks of polymorphic forms I,
1T and IIT of bimatoprost acid.

TABLE 1

Characteristic XRPD Peaks (Cu K) for
Polymorphic Forms of Bimatoprost Acid

Bimatoprost Acid Polymorph I PolymorphII  Polymorph III

Characteristic XRPD
Peaks (2-theta)

135,14.9,16.3, 12.0,14.2, 3.9,9.8,13.0,
17.1,18.0,18.4, 16.0,18.8,20.6, 14.5, 15.4, 18.4,
19.1,19.9, 22.6,24.1,28.1, 19.3,19.7,
23.8,24.9,265 359,36.5 20.8,24.6
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While this invention has been described with respect to
these specific examples, it is understood that other modifica-
tions and variations are possible without departing from the
spirit of the invention.

What is claimed is:

1. 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phenyl-pent-1-
enyl)-cyclopentyl]-hept-5-enoic acid in crystalline form I as
characterized by X-ray diftraction pattern ofabout 13.5,14.9,
16.3,17.1,18.0,18.4,19.1,19.9, 23.8,24.9, 26.5, and having
the X-ray diffraction pattern substantially as shown in FIG. 1.

2. 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phenyl-pent-1-
enyl)-cyclopentyl]-hept-5-enoic acid in crystalline form II as
characterized by X-ray diffraction pattern of about, 12.0,
14.2,16.0, 18.8, 20.6, 22.6, 24.1, 28.1, 35.9, 36.5 and having
the X-ray diffraction pattern substantially as shown in FIG. 1.

3. 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phenyl-pent-1-
enyl)-cyclopentyl]-hept-5-enoic acid in crystalline form III
as characterized by X-ray diffraction pattern of about 3.9, 9.8,
13.0, 14.5,15.4, 18.4, 19.3, 19.7, 20.8, 24.6.

4. The crystalline form of claim 1 having a melting endot-
herm onset at about 63.2° C. and a fusion enthalpy of about
65.6 J/g.

5. The crystalline form of claim 2 having a melting endot-
herm onset at about 62.2° C. and a fusion enthalpy of about
81.5 J/g.

6. The Modulated Differential Calorimetric crystalline
form of claim 1 having the profile as shown in FIG. 3.

7. The Modulated Differential Calorimetric crystalline
form of claim 2 having the profile as shown in FIG. 3.

8. The Modulated Differential Calorimetric crystalline
form of claim 3 having the profile as shown in FIG. 8.

9. A pharmaceutical composition comprising a therapeuti-
cally effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-
phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in crys-
talline form I in an ophthalmically acceptable carrier.

10. A pharmaceutical composition comprising a therapeu-
tically effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-
5-phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic  acid in
crystalline form II in an ophthalmically acceptable carrier.

11. A pharmaceutical composition comprising a therapeu-
tically effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-
5-phenyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic  acid in
crystalline form III in an ophthalmically acceptable carrier.

12. A method for treating ocular hypertension comprising
administering to a subject in need thereof a therapeutically
effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phe-
nyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in crystal-
line form I in an ophthalmically acceptable carrier.

13. A method for treating ocular hypertension comprising
administering to a subject in need thereof a therapeutically
effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phe-
nyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in crystal-
line form II in an ophthalmically acceptable carrier.

14. A method for treating ocular hypertension comprising
administering to a subject in need thereof a therapeutically
effective amount of 7-[3,5-Dihydroxy-2-(3-hydroxy-5-phe-
nyl-pent-1-enyl)-cyclopentyl]-hept-5-enoic acid in crystal-
line form III in an ophthalmically acceptable carrier.

15. The method of claim 12 wherein the ophthalmically
acceptable carrier is selected from the group consisting of
ophthalmically acceptable diluents, buffers, hydrochloric
acid, sodium hydroxide, preservatives, stabilizers, tonicity
adjustors, viscosity-enhancing agents, chelating agents, sur-
factants and/or solubilizers and combinations thereof.

16. The method of claim 13 wherein the ophthalmically
acceptable carrier is selected from the group consisting of
ophthalmically acceptable diluents, buffers, hydrochloric
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acid, sodium hydroxide, preservatives, stabilizers, tonicity
adjustors, viscosity-enhancing agents, chelating agents, sur-
factants and/or solubilizers and combinations thereof.

17. The method of claim 14 wherein the ophthalmically

acceptable carrier is selected from the group consisting of 5

ophthalmically acceptable diluents, buffers, hydrochloric
acid, sodium hydroxide, preservatives, stabilizers, tonicity
adjustors, viscosity-enhancing agents, chelating agents, sur-
factants and/or solubilizers and combinations thereof.

#* #* #* #* #*
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